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Objective: To study the mechanism of effect of miR-21 via Wnt/b-catenin signaling
pathway in human A549 lung cancer cells and Lewis lung carcinoma in mice.
Methods: The effect of miR-21 on A549 cells were detected by MTT method. MiR-21
expression levels were overexpressed or inhibited in A549 cells by transfecting with miR-
21 mimics or inhibitors. Correlation among key molecules (Wnt1, b-catenin, CyclinD1
and miR-21) of mRNA and protein levels in Wnt/b-catenin signaling pathway were
studied by Real-time PCR and Western blot hybridization assay. Invasive ability of A549
cells was determined via Transwell chamber cell invasion assay; the role of miR-21 in
A549 cells was explored via the Wnt/b-catenin signaling pathway. A Lewis lung carci-
noma animal model was established to detect miR-21 expressions in tumor animals and
controlled animal tissues, and verify expression changes of the above molecules in the
Wnt/b-catenin signaling pathway was determined in the animal level.
Results: MTT assay results showed that miR-21 overexpression could markedly enhance
cell absorbance value; that is, miR-21 could increase the ability proliferation of A549
cells. b-catenin and CyclinD1 expression levels were signiﬁcantly higher in miR-21
mimic transfected cells (P < 0.05), and Wnt1 gene had no signiﬁcant change. Wnt1, b-
catenin and CyclinD1 gene expression showed no signiﬁcant change when miR-21
expression was suppressed, compared with controls. After cells were transfected with
miR-21 mimics, cell invasion assay revealed that the perforated cells was signiﬁcantly
higher than the perforated cells in the control group (P < 0.01). Lewis lung assay revealed
that miR-21 expression levels in the Lewis lung carcinoma were signiﬁcantly higher; and
at the same time, Wnt1, b-catenin and CyclinD1 gene expression levels were signiﬁcantly
increased, compared to controls.
Conclusions: In A549 human lung cancer cells and Lewis lung carcinoma in mice, key
molecules b-catenin and CyclinD1of miR-21 expressions and the Wnt/b-catenin
signaling pathway are positively correlated.1. Introduction
Lung cancer is disease with the highest morbidity in malig-
nant tumors worldwide; and is one of the cancers that has the
greatest threat to human health and life [1,2]. Although studies on
the pathogenesis of lung cancer have made great progress, atpresent, there is still a lack of effective treatment and early
diagnosis due to the complex biological processes of lung
cancer's occurrence and development. In a research performed
by Nusse et al. in 1982, Wnt genes were found in the course
of papillomavirus-induce breast cancer in mice [3]. Wnt
signaling pathway in multicellular eukaryotes is highly
conserved, and is closely associated with tumor development.
The b-catenin-mediated pathway is a classical signaling
pathway in the Wnt signaling pathway. In normal somatic
cells, b-catenin is only used as a cytoskeletal protein in the
membrane area and forms a complex with E-cadherin to
maintain the same type of cell adhesion, and plays a role inopen access article under the CC BY-NC-ND
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molecules combined with speciﬁc receptors in frizzled
membrane proteins, phosphorylation-mediated inhibition of
cytoplasmic b-catenin is degraded, and through inhibiting
glycogen synthase kinase-3b (GSK3b); allowing b-catenin to
accumulate in the cytoplasm. Accumulated b-catenin transferred
in the nucleus, combined with the transcription factor Tcf/Lef in
family, could activate cyclinD1, cmyc and other proto-
oncogenes; causing cancer to occur. Therefore, activation of
the Wnt/b-catenin signaling pathway has an important role in
cancer occurrence and development [4–8].
miRNAs are a class of small RNA molecules, which are
approximately 17–25 nucleotides in length; and play a very
important role in the gene regulation process [9,10]. Even though
the number of miRNAs in the human genome is less than
protein-coding genes, miRNAs are considered to regulate
more than half of human mRNAs [11,12]. miRNAs pair with its
miRNA-target mRNA base, degrade mRNAs or hinder their
translation, which have regulatory roles in cells. Each miRNA
can have multiple target genes and several miRNAs can also
jointly regulate with a gene. This is also a reason why miRNAs
have very complex biological effects. Recent studies have
shown that miRNAs play an important regulatory role in
tumorigenesis and development [13–15]. Recent studies have
shown the prognostic value of miR-21 abnormal expressions
in lung cancer could be an effective prognostic indicator in
patients with lung cancer. Therefore, in the overexpression/in-
hibition of miR-21 expression in human non-small cell lung
cancer cell line, A549, at the mRNA level and protein levels, this
study investigates the effect of miR-21 via the Wnt/b-catenin
signaling pathway on A549 cells. A Lewis lung carcinoma an-
imal model was established to detect the expression of miR-21
in tumor animals and animal tissue controls, and verify
expression changes of the above molecules in the Wnt/b-catenin
signaling pathway in the animal level.
2. Materials and methods
2.1. Materials
Human non-small cell lung cancer cell line, A549, was
purchased from ATCC, and stored in liquid nitrogen at our
laboratory. LLC lung cancer cells in mice were purchased from
the Chinese Academy of Sciences committee Type Culture
Collection cell bank, and stored in liquid nitrogen at our labo-
ratory. C57BL/6 male mice, weighing (20 ± 5) g, were pur-
chased from Shanghai SLAC laboratory Animal Co., Ltd.
RNA extraction kit was purchased from TIANGEN -DP430;
reverse transcription kit (TaqMan MicroRNA Reverse Tran-
scription Kit) was purchased from Applied Biosystems-
4366597; Real-time PCR ﬂuorescence quantiﬁcation kit
(SsoAdvanced SYBR Green Supermix) was purchased from
Bio-Rad-172-5264; reverse transcription kit (TaqMan Micro-
RNA Reverse Transcription Kit) was purchased from Applied
Biosystems- 4366597; hsa-mir-21 mimic was purchased from
Life Technologies; hsa-mir-21inhibitor was purchased from Life
Technologies; Lipofectamine 3000 Transfection Reagent was
purchased from invitrogen-L3000-00; Transwell was purchasedfrom Corning-4395; Matrigel Matrigel (5 mg/mL) was pur-
chased from BD; horseradish peroxidase (HRP) labeled sec-
ondary antibody was purchased from Beijing ZSGB
biotechnology Co., Ltd; ECL Chemiluminescent Substrate Re-
agent Kit was purchased from Life Technologies-WP20005;
PVDF membrane (Polyvinylidene ﬂuoride) was purchased
from Millpore; Wnt1, b-catenin, CyclinD1 monoclonal anti-
bodies was purchased from CST; MTT cell proliferation and
cytotoxicity detection kit was purchased from Beyotime
Biotechnology.
Optical Microscope, Olympus BX53; CO2 incubator,
Thermo Scientiﬁc Series 8000; nucleic acid quantiﬁcation
analyzer, Qubit Fluorometer; ﬂuorescence quantitative PCR
detection system, CFX96 Touch.
2.2. Methods
2.2.1. Establishing cell culture and animal model
A549 and LLC cells were preserved in liquid nitrogen. After
reviving with DMEM medium (GIBIC), 15% fetal bovine serum
(Sino-US joint venture, Lanzhou MinHai Bio-Engineering Co.,
Ltd.) was added, and cultured in 5% CO2 at 37 C.
C57BL/6 mice were housed in standard animal feeding cages
(ﬁve per cage). During the experiment, mice were free to eat and
drink. The room was kept ventilated with natural day and night
lighting, and temperature was maintained at 18–25 C. The
logarithmic growth phase of LLC cells were obtained and
washed with sterile PBS to remove residual serum and media;
then, cell suspension was prepared and cell concentration was
adjusted to 107 cells/mL. All 40 male C57BL/6 mice were
randomly divided into two groups: lung cancer model group and
control group. Mice were anesthetized with pentobarbital so-
dium by 0.5 mg/10 g body weight dosages. A 5-mm incision
was made on the left anterior costal arch on the front line with an
approximately 2 cm cut, 100 mL cell suspension was injected in
the left lung. After orthotopic implantation, the control group
was injected with the same volume of PBS, and treated with
antibiotics after operation. Tumors were observed and measured.
Mice were sacriﬁced 14 days after reuniﬁcation, and tumor tis-
sues were isolated and preserved at −80 C.
2.2.2. Real-time PCR
After cells were washed with PBS, total RNA was extracted
by RNA extraction kit, RNA concentration and purity was
detected by Qubit Fluorometer, total RNA was reverse tran-
scribed to cDNA by reverse transcription kit based on manu-
facturer's instructions, and relevant genes were detected by Real-
time PCR. Wnt1, b-catenin and CyclinD1 gene mRNA sequence
were queried from the NCBI database. Real-time PCR primers
were designed. All primers were synthesized by Shanghai
Generay Biotech Co., Ltd., and speciﬁc sequences are shown in
Table 1. Calculation of relative expression levels of target genes
by double DCt value method: mean value of experiments that
were repeated in triplicate and used as Ct values of each sample,
DCt = Ct (Target gene) -Ct (internal control), DDCt = DCt
(sample) - DCt (contro1); therefore, relative expression levels of
the target gene = 2- DDCt, and the relative expression of the
control group would be 20 = 1 (Table 2).
Table 2
PCR reaction system.
Components Volume per reaction
SsoAdvanced SYBR Green
Super mixa 5 mL
Forward primer (10 mM) 0.32–0.45 mL (320–450 nM)b
Reverse primer (10 mM) 0.32–0.45 mL (320–450 nM)
cDNA template 75–100 ng
Nuclease-free water Up to 10 mL
a SsoAdvanced SYBR Green Super mix, purchased from Bio-Rad.
b Primer concentrations were determined according to different gene
ampliﬁcation conditions.
Table 1
Real-time PCR primers.
Gene Accession no. Primer (50-30)
Wnt1 NM_005430.3 For:CGATGGTGGGGTATTGTGAAC
Rev:CCGGATTTTGGCGTATCAGAC
b-catenin NM_001012329.1 For:CCTATGCAGGGGTGGTCAAC
Rev:CGACCTGGAAAACGCCATCA
CyclinD1
GAPDH
NM_053056.2
NM_002046
For:GCTGCGAAGTGGAAACCATC
Rev:CCTCCTTCTGCACACATTTGAA
For:GAAGGTGAAGGTCGGAGTC
Rev:GAAGATGGTGATGGGATTTC
For, forward; Rev, reverse.
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miRNA Reverse Transcription Kit manufacturer's instructions.
Speciﬁc miRNA primers were used for reverse transcription,
ensuring only mature miRNA reverse transcription and not
miRNA precursor reaction. The transcription product cDNA was
used as a template, and miR-21 expression was detected by
Real-time PCR.
2.2.3. Cell invasion related experiments
Matrigel was melted at 4 C overnight, diluted in serum-free
cold DMEM medium, and added to a ﬁnal concentration of
1 mg/mL. After dilution, 100 mL of Matrigel was added to the
upper chamber of the Transwell, and incubated at 37 C until it
become colloidal materials. Adhesive reconstruction was carried
out by adding 200 mL of DMEM medium into each well.
After cells were trypsinized, cells were centrifuged to remove
the culture medium. PBS cells were washed, and cells were
resuspended using serum-free medium. A549 cells were then
seeded onto 24-well Transwell chambers. A medium containing
10% FBS was added at the lower chambers, and cells were
cultured at 37 C. After incubation, liquid in the upper chamber
was discarded; and those in the upper chamber that did not pass
through the cell membrane were removed and wiped off with a
cotton swab. Then, 4% formalin-ﬁxed for 10 min, stained with
0.1% crystal violet, and cells were observed under an inverted
microscope. Three horizons were randomly selected, and
perforated cells were calculated for statistical analysis.
2.2.4. Western-blotting
Cells that were collected and washed twice with PBS. After
trypsin digestion, the centrifuged supernatant was discarded.
Cell precipitations were lysed with RIPA lysis buffer, and pro-
tease inhibitor cocktail was simultaneously added, which was
mixed by pipetting. After incubating on ice for 30 min, cellsunderwent sonication. An appropriate short frequency shock was
applied on ice using ultrasound probes. Lysis mixture at 4 C
was centrifuged at 13 000 r/min for 20 min. Protein concen-
trations of the supernatant in the new centrifuge tube were
determined using a Protein Assay Kit.
SDS-PAGE electrophoresis was applied on 20 mg total pro-
tein samples. After electrophoresis, the gel was immersed in a
transfer buffer in equilibrium for 10 min, transferred into
“sandwich”, and applied 100 V for 45–60 min. After transfer
membrane, PVDF membrane was rinsed with TBS for 10–
15 min. The membrane was placed in TBS/T blocking buffer
containing 5% (w/v) skimmed milk powder, and shaken for 1 h
at room temperature. An appropriate dilution of primary anti-
body was added [containing 1% (w/v) skim milk diluted in
TBST], incubated at room temperature for 2 h, and TBST rinsed
the membrane three times every 5–10 min. The ﬁlm was incu-
bated in a TBST diluted secondary antibody containing 0.05%
(w/v) nonfat dry milk in (1:10 000, HRP labeled) at room
temperature for 1 h. The membrane was rinsed in TBST three
times every 5–10 min. Exposed, photographed, and the results
were saved. The experiment was repeated three times. Quantity
one v4.62 software was applied for molecular bands gray scale
values (bands track quantitative method). Optical density values
are plotted curve depending on the optical density of electro-
phoretic bands. Then, the area under the optical density curve
was calculated according to quantitative electrophoretic bands
for statistical analysis.
2.2.5. Statistical analysis
SPSS 11.5 statistical software was used on experimental data,
and results were expressed as mean ± SD. t-test was used to
compare the two groups and P < 0.05 was considered statisti-
cally signiﬁcant.
3. Results
3.1. Overexpression or inhibition of miR-21 in A549
cells and MTT assay detection of the effect of miR-21 on
A549 cell proliferation
miRNAs mimics can simulate endogenous miRNA; thus,
increasing the amount of intracellular expression of miRNAs.
After A549 cells were transfected with miR-21 mimic for 24 h
(control group is control mimic), miR-21 expression levels were
detected by Real-time PCR, as shown in Figure 1. Compared to
control cells, miR-21 expression levels were signiﬁcantly
increased (P < 0.01). In addition, miR-21 inhibitors could
Figure 1. Overexpression and inhibition effect of miR-21.
*P < 0.05, **P < 0.01.
Figure 4. Western blot results.
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21 on A549 cell proliferation was detected by MTT assay, as
shown in Figure 2. In the cell growth curve, time-periods are
shown in the horizontal axis, while A570 absorbance values are
shown in the vertical axis. As seen from the results, A549
absorbance and control cells slightly changed within 0–12 h of
transfection. Within 12–48 h, miR-21 overexpression could
signiﬁcantly enhance the absorbance value of cells. After miR-
21 inhibition, A570 value showed a downward trend,
compared with the control group.
3.2. Key molecules in the Wnt/b-catenin signaling
pathway: correlation among Wnt1, b-catenin, CyclinD1
and miR-21
After A549 cells were transfected with miR-21 mimics for
24 h, Wnt1, b-catenin and CyclinD1 gene expressions were
detected by Real-time PCR. Figure 3 shows that b-catenin and
CyclinD1 expression levels signiﬁcantly increased in cells
transfected with miR-21 mimics, compare with the control groupFigure 2. Proliferation of A549 cells detected by MTT assay.
*P < 0.05.
Figure 3. Correlation among Wnt1, b-catenin, CyclinD1 and miR-21.
*P < 0.05, **P < 0.01.(P < 0.01); while the Wnt1 genes had no signiﬁcant change.
After miR-21 expressions were inhibited, Wnt1, b-catenin and
CyclinD1 gene expression levels had no signiﬁcant changes,
compared with control group. Further, we detected Wnt1, b-
catenin and CyclinD1 gene level changes by Western blot,
which was consistent with Real-time PCR results. That is, miR-
21 could signiﬁcantly increase b-catenin and CyclinD1 expres-
sion levels (P < 0.05) (Figures 3 & 4).
3.3. miR-21 affects invasive ability of A549 cells
A549 cells were seeded into 24-well Transwell chambers. A
medium containing 10% FBS was added in the lower chamber.
Cells were cultured at 37 C for 24 h. Then, liquid in the upper
chamber was discarded and the upper chamber was removed.
Those that did not pass through the cell membrane were wiped
off with a cotton swab. Then, 4% formalin ﬁxed for 10 min,
stained with 0.1% crystal violet, and cells were observed under
an inverted microscope. Three horizons were randomly selected
and perforated cells were calculated for statistical analysis. The
results in Table 3 show that after cells were transfected with
miR-21 mimics, the number of perforated cells (193.3 ± 19.8)
was signiﬁcantly higher than the control group (123.3 ± 12.8)
(P < 0.01).
3.4. miR-21 expression level in Lewis lung cancer mice
and correlation among Wnt1, b-catenin, CyclinD1 and
miR-21
Mice were sacriﬁced in 14 days after tumor was received, and
tumor tissues were separated. Among the 20 mice, two prema-
turely died due to infection, three had unpaired tumors, and a
total of 15 tumors tissue samples were taken. Corresponding
normal tissues were taken from 20 mice in the control group.
Obtained tissue proteins were extracted from all tissues and
grinded in liquid nitrogen. Wnt1, b-catenin, CyclinD1 expres-
sion levels were detected by Western blot. Quantity one v4.62
software molecular bands gray value (Trace Tracking) was
applied to calculate optical density values, and optical density
curve was plotted according to the different electrophoretic
bands. Then, area under the optical density curve was calculated
as quantitative electrophoretic bands for statistical analysis.
Results have shown that Wnt1, b-catenin and CyclinD1
expression levels were signiﬁcantly higher in Lewis lung cancer
(P < 0.01), compared with control group.
Total RNA was extracted from tissue samples by a total RNA
extraction kit, and miR-21 expression was detected by Real-time
Table 3
Cell invasion assay results.
miRNAs mimic miRNAs inhibitor
Blank control Control miR-21 Control miR-21
V1a 97b 140 221 184 127
V2 121 121 183 119 107
V3 139 109 176 127 99
119.0 ± 17.2 123.3 ± 12.8 193.3 ± 19.8** 143.3 ± 28.9 111.0 ± 11.8
a: Field of vision;b: the number of perforated cells; compared to control, *P < 0.05,**P < 0.01.
Figure 5. Analysis of miR-21 expression levels in Lewis lung cancer in mice and correlation among Wnt1, b-catenin, CyclinD1 and miR-21.
*P < 0.05, **P < 0.01.
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signiﬁcantly higher in Lewis lung cancer (P < 0.01), compared
with control group (Figure 5).
4. Discussion
4.1. miRNAs could be widely found in vivo
With in-depth research on miRNAs, a variety of biological
functions have been found; and its mechanism of action is also
very complex. Each miRNA could regulate multiple target genes
and several miRNAs could regulate together with a gene,
miRNAs and their target genes or other miRNAs form a com-
plex regulatory network that is extensively involved in cell
proliferation, apoptosis and other life processes; and abnormal-
ities in this regulatory network often lead to serious conse-
quences [16–18]. Studies in recent years have shown that
miRNAs and tumor development have very important roles.
These miRNAs not only plays a role in general cancer-
promoting genes or tumor suppressor genes, but also plays a
different role in different tumors, and even in different stages of
the tumor. It is precisely due to the important features of these
miRNAs that miRNA research has become a focus in tumor
marker, cancer biotherapy and other areas of research.
miR-21 is a kind of miRNA which has been extensively and
comparatively studied. Studies have found that miR-21 was
upregulated in a variety of tumor tissues [19–21]. For example,
Ribas and other studies found that miR-21 expression levels in
prostate cancer tissues increased 3.52 times more, compared
with normal tissues [22]. In addition, miR-21 expression levels in
cancer tissues were signiﬁcantly higher than adjacent tissues in
non-small cell lung cancer; wherein, miR-21 was associated
with its prognosis. In various types of lung cancer, expression of
miR-21 in lung adenocarcinoma is higher than in squamous cell
carcinoma [23–25]. This also reminds us that miR-21 plays
different roles in different tumors and even in different types of
tumors, but with high expression levels in tumors; thus, playing
the role as a “cancer-promoting gene”, which is a broad
consensus on miR-21.The Wnt signaling pathway is so named due to its Wnt. In
normal somatic cells, b-catenin, as a kind of cytoskeletal protein
forms a complex with E-cadherin in the cell membrane to
maintain the same type of cell adhesion; and plays a role in
preventing cell movement. When extracellular Wnt signaling
molecules and speciﬁc receptors frizzled in membrane proteins
bind, mediated-phosphorylation of GSK3b is inhibited; and
further inhibits cytoplasmic b-catenin degradation. b-catenin
could not be degraded and accumulated in the cytoplasm, and
enters the nucleus. CyclinD1, cmyc and other proto-oncogenes
could be activated in the nucleus combined with the transcrip-
tion factor Tcf/Lefs family. The process involves cell differen-
tiation, proliferation, apoptosis, cycle and cellular adhesion, and
angiogenesis; leading to tumorigenesis [4,5]. Thus, Wnt/b-
catenin signaling pathway activation has an important role in
tumor development. Previous studies have showed that in non-
small cell lung cancer development, abnormal expressions of
b-catenin promote lung cancer metastasis in the active state of
the Wnt signaling pathway. Experimental studies have found
that after b-catenin was inhibited, A549 cell proliferation and
migration could be inhibited. Therefore, this Wnt pathway study
provided candidate target molecules for lung cancer and other
cancers and in clinical [26].
In conclusion, human non-small cell lung cancer cell line,
A549, and Lewis lung cancer in mice were used as research
objects in this study. Further, the role of miR-21 was explored
via the Wnt/b-catenin signaling pathway in A549 cells. We ﬁrst
transfected cells within 0–12 h; wherein, miR-21 cells overex-
pressed and absorbance values of control cells slightly changed.
Within 12–48 h, overexpression of miR-21 could signiﬁcantly
enhance cell absorbance values. After inhibition by miR-21, the
rate of cell proliferation was reduced. This is consistent with the
biological function of miR-21. At present, multiple miR-21
target genes have been conﬁrmed. Most of these genes are tu-
mor suppressor genes that can control cell cycle. For example,
miR-21 could inhibit the expression of PTEN; thereby causing
the downstream of the Akt signaling pathway, and enhancing
cancer cell proliferation and metastasis. In addition, TPM1,
Maspin, MARCKS and Cdc25A have also been proven to be
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miR-21 via inhibitor, which reduced the proliferation of A549
cells. This shows that miR-21 did play a similar “cancer-pro-
moting gene” role. Experiments via overexpression or inhibition
of miR-21 expression were conducted to study the correlation
between miR-21 via Wnt/b-catenin signaling pathway. In this
study, key molecules of mRNA and protein levels in the Wnt/b-
catenin signaling pathway were studied to observe the expres-
sion changes of Wnt1, b-catenin and CyclinD1. From the re-
sults, we can see that miR-21 could signiﬁcantly increase b-
catenin and CyclinD1 gene expressions. As described, miR-21 is
indeed involved in the Wnt/b-catenin signaling pathway through
its upstream target genes and positive regulation ofWnt; thereby,
activating the Wnt/b-catenin signaling pathway, and causing b-
catenin and CyclinD expressions to increase. Many downstream
genes such as CyclinD belong to the proto-oncogene. These
genes regulate cell proliferation by controlling the cell cycle.
Thus, when the proto-oncogene is activated, cell cycle loses
control and transforms into cancer cells; enhancing cell metas-
tasis invasion abilities. Based on the above analysis, we obtained
there is a positive correlation among the following key (b-cat-
enin and CyclinD1) of miR-21 and the Wnt/b-catenin signaling
pathway in A549 human lung cancer cells and Lewis lung
cancer in mice; Cell migration and invasion ability would be
enhanced by changing the expression of above key molecules.
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